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Abstract
Background: Hypovitaminosis D and depressive syndromes
are common conditions in old adults. However, little is known about
the relationship between vitamin D and depression in exceptional
aged people. The objective of this study is to evaluate the relationship between vitamin D levels and depressive symptoms in Chinese
longevous persons.
Methods: We used a dataset from a cross-sectional survey of
a sample of Chinese longevous people with self-reported age 100
or older, including 175 men and 765 women, was conducted from
June 2014 to December 2016 in Hainan Province, China. Data on demographics, lifestyle characteristics and health conditions were collected using a structured questionnaire. Anthropometrics and blood
samples were obtained following the standard procedure. Depressive
symptoms of the participants were assessed using a shortened version
of the Geriatric Depression Scale (GDS-15). Serum vitamin D levels
were measured using an automated radioimmunoassay.
Results: The prevalence of longevous persons with depressive
symptoms among the sample was 32.2% (95% confidence interval:
29.7–34.7%). Serum vitamin D levels were lower in participants with
depressive symptoms than in those without (20.8 ± 8.7 vs. 23.7 ± 9.7,
ng/mL). Vitamin D deficiency was an independent risk factor for
depression after controlling for the potential covariates (Odds ratio = 1.47, 95% Confidence interval = 1.08–2.00; p = 0.014). A negative
relationship between serum vitamin D levels and depressive symp-
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toms was also detected, and the relationship remained significant after adjusting for a wide range of other covariates. The multivariate adjusted odds ratio of depressive symptoms for the lowest versus highest
quartiles of vitamin D levels was 1.73 (95% confidence interval: 1.10–
2.72), and the adjusted odds ratio with a 5 ng/mL decrement of serum
25OHD levels was 1.10 (95% confidence interval: 1.01–1.19).
Conclusions: This study showed an inverse association between
vitamin D levels and depressive symptoms among Chinese longevous
persons. Depressive symptoms should be screened in longevous persons who had vitamin D deficiency. Further studies on vitamin D
supplement and prevention along with treatment of depression are
needed among very old population.
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Abbreviations
25(OH) D-25-Hydroxyvitamin D; 95% CI-95% Confidence Intervals; ADLs-Activities of Daily Livings; ALB-Albumin; BMI-Body
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FBG-Fasting Blood Glucose; GDS-15-Geriatric Depression Scale;
Hb-Hemoglobin; MDRD-Modification of Diet in Renal Disease; OROdds Ratios; SBP-Systolic Blood Pressure; TC-Total Cholesterol; TGTriglyceride

Background
Depression is a common condition in elder population, and
depressive symptoms are more prevalent in oldest-old adults [1-3].
Older adults with depressive symptoms face with numerous adverse
health outcomes including functional decline, cognitive impairment,
disability, decreased quality of life, and increased mortality rate from
co-occurring medical conditions and suicide [4,5].
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Depression is not an essential part of aging itself [6], but oldestold populations are more vulnerable to depressive symptoms than
younger old-ones [1- 3]. This vulnerability could be partly explained
by age-related structural and biological changes [7]. Higher prevalence of depressive symptoms may also due to the increased healthrelated risk factors in later life (i.e., physical disability, cognitive impairment, social isolation, institutionalization, and bereavement) [8].
However, the risk factors of depression may vary with age [9]. There
is a need, therefore, to develop assessment strategies that enhance our
capacity to identify very old adults who at higher risk for depression.
Vitamin D provides such an opportunity.
Vitamin D plays a critical role in physical and mental health [10].
The 25-dihydroxyvitamin D regulates more than 200 genes in the human body and is responsible for musculoskeletal and neural health
[11]. Inadequate vitamin D levels in later life could lead to a higher
risk of falls, fractures, cardiovascular diseases, diabetes and other comorbid conditions, all of which could cause mental disorders [12,13].
In addition, vitamin D has been reported to play a neuroprotective
role through several physiological mechanisms such as calcium homeostasis, neurogenesis, antioxidant defense, immunomodulation,
and amyloid beta clearance [14-16].
A few studies that analyzed the association between vitamin D
status and depressive symptoms have yielded equivocal results [1721]. Vidgren et al. reported that a lower vitamin D levels is associated
with a higher prevalence of depression in elderly general population
aged 53 years and older [22]. Jovanova et al. found that vitamin D
levels are cross-sectionally but not prospectively associated with depression in late-life population aged 55 and older [23]. Zhao et al.
claimed that no significant association between serum concentrations
of 25(OH) D and the presence of moderate-to-severe depression, major depression or minor depression was found among US adults [18].
Besides, data on vitamin D and depressive symptoms in elderly Asian
population are scarce, particular for Chinese longevous persons.
Therefore, the aim of this study was to address the dearth of evidence
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on vitamin D levels and depressive symptoms in Chinese longevous
persons. It is hypothesized that, in accordance with the evidence of
vitamin D’s neuroprotective role, longevous persons with lower concentrations of serum 25(OH)D would have greater odds of depressive
symptoms.

Methods
Participants and Setting
The sample of this study was obtained from the China Hainan
Centenarian Cohort Study (CHCCS), which was conducted in Hainan, China from June 2014 to December 2016. Details of this study
including sampling strategy and interview procedures have been described elsewhere [24,25]. In brief, a total of 1002 longevous persons
with self-reported age 100 or older (180 men and 822 women) were
interviewed and blood samples were collected in this study. Sixty-two
participants were excluded from the data analyses because of missing
information on depressive symptoms and relevant variables. The final
analyses included 940 longevous persons, of which 175 were men and
765 were women. Surveys on longevous persons need rigorous age
validation, and the accuracy of the age reporting is essential [26]. The
longevous persons in CHCCS were identified according to the household register provided by the civil affairs bureau of Hainan in 2014,
and the age verification process was conducted before the participants
were included in the study.
Written informed consent was obtained from all men and
women who participated in the CHCCS study. The Ethics Committee of the Hainan branch of the Chinese People’s Liberation Army
General Hospital (Sanya, Hainan) approved the study protocol (No.
301hn11201601).

Measurements

Depressive Symptoms
Depressive symptoms were measured using the shortened version of the Geriatric Depression Scale (GDS-15), which is a self-
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administered screening tool developed to detect depression in older
adults [27]. The responses to the 15 dichotomous items of this scale
were scored and higher scores indicate more depressive symptoms
(possible range 0–15; observed range of 0–15). As previously described, a score of more than 6 points was considered to have a depressive symptom [28].

Vitamin D Levels
Serum circulating 25-hydroxyvitamin D, often abbreviated as
25(OH)D, is commonly used as a measurement of vitamin D status
[29]. Blood samples were obtained from each participant by an experienced nurse and transported in cold storage to the Clinical Laboratory and were assayed within 4 h. Serum 25(OH)D concentrations
were measured by automated radioimmunoassay analyzers (DiaSorin, Stillwater, MN, USA) using a standard procedure. The inter-assay
and intra-assay coefficients of variation for 25(OH)D in the present
study were 8.3% and 6.7%, respectively. Vitamin D deficiency was defined as 25(OH)D < 20 ng/mL or 50 nmol/L according to the Endocrine Society Clinical Practice Guidelines [30].

Covariates
Home interviews were conducted to collect demographic data
(age, sex, ethnicity, education, living conditions, and social interactions), lifestyle characteristics (smoking, alcohol use, tea drinking,
milk drinking, fish intake, and fruit consumption), activities of daily
livings (ADLs), outdoor activities (daily outdoor walking or gardening for more than 1 h), and common conditions (visual and auditory
impairments) of the participants. Ethnicities were dichotomized into
Han versus non-Han. Given that the majority of longevous persons
received no education, participants were dichotomized into illiterate versus primary school or above. Participants were asked whether
they were living with families or not for living conditions. Social in-
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teractions included relatives and friends contacts, which were defined
as meet and communicate with at least one relative or friend once a
month. ADLs of the participants were scored according to Barthel Index (BI), and a score of less than 90 was regarded as ADL impairments
[31]. Habits of smoking, alcohol drinking, and tea drinking were dichotomized into current versus former or never. Frequent milk, fish,
and fruit intakes referred to consumption at least once per week.
Anthropometrics including heights and weights were measured by well-trained nurses following the standard procedures. Body
mass index (BMI) was calculated as the weight in kilograms divided
by square height in meters. Systolic and diastolic blood pressures
(SBP and DBP) were measured two times consecutively, with at least
1-min interval between measurements, and the reported blood pressures were the average of the two measurements. Samples of venous
blood were obtained from the centenarians in a seated position for at
least 5-min rest and transported in cold storage (4 °C) to Laboratory
within 4 h. Serum concentrations of triglyceride (TG), total cholesterol (TC), fasting blood glucose (FBG), albumin (ALB), hemoglobin
(Hb) and creatinine were measured using enzymatic assays (Roche
Products Ltd., Basel, Switzerland) on a fully automatic biochemical
autoanalyzer (COBAS c702; Roche Products Ltd). Estimated glomerular filtration rate (eGFR) was calculated using a modified version of
Modification of Diet in Renal Disease (MDRD) equation based on the
data from Chinese patients as follows: 175 × serum creatinine (mg/
dL)− 1.234 × age (year)− 0.179 × 0.79 (if female) [32]. All assays were performed by qualified technicians without knowledge of clinical data.

Statistical Analyses
Continuous variables were described as the mean and standard
deviation for variables with normal distribution and the median and
interquartile range for variables with skewed distribution. Categorical
variables were described as the percentage. Continuous variables were
compared using Student’s t test (normal distribution) and Mann–
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Whitney U test (skewed distribution). Multivariate logistic regression
analyses were performed to determine the independent correlates of
depression symptoms. Odds ratios (OR) and 95% confidence intervals (CI) of depressive symptoms were further evaluated according
to quartile of serum 25(OH)D concentrations and one 5-ng/mL decrement of serum 25(OH)D concentrations using logistic regression
analyses. Adjustments were made for age, sex, ethnicity, education,
living conditions, social interactions, lifestyles, ADL impairments,
outdoor activities, BMI, SBP, DBP, TG, TC, FBG, ALB, Hb, estimated
GFR, visual impairments, and auditory impairments. A test for linear trend across serum 25(OH)D concentrations was performed by
assigning median values of serum 25(OH)D levels for each quartile.
Statistical significance was accepted at the two-sided 0.05 level, and
CI was computed at the 95% level. Statistical analyses were performed
with Statistic Package for Social Science (SPSS) version 19.0.

Results
A total of 940 longevous individuals were included in this study
with self-reported age ranging between 100 and 115. As Table 1 shows,
the majority participants were female (81.4%), Han ethnic (87.9%), illiterate (91.0%), and living with families (85.7%). Of the participants,
nearly 44% of them met and interacted with relatives at least once a
month, and one third of them socialized with friends. Only 3% of the
participants were current smokers, and about 11% and 12% of them
were current alcohol drinkers and tea drinkers, respectively. The proportions of frequent milk drinking, frequent fish intake, and frequent
fruit consumptions were 26.3%, 63.5%, and 58.9%, respectively. More
than half of the participants had ADL impairments and 60% of the
participants had at least one hour outdoor activities a day. Twentyeight percent of individuals had a visual impairment, and 31% had an
auditory impairment.
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Table 1: Characteristics of the participants according to depressive symptoms.
Characteristics

Total Sample, n = 940
22.7 ± 9.5

Serum vitamin D, ng/
mL, mean ± SD
Vitamin D deficiency, % 39.8%

Depression, n = 303
20.8 ± 8.7

No Depression, n = 637
23.7 ± 9.7

47.9%

35.9%

P

Age, mean ± SD
Females, %

102.5 ± 2.7
81.4%

102.5 ± 2.8
89.8%

102.5 ± 2.7
77.4%

Han ethnic, %
Illiterate, %

87.9%
91.0%

87.5%
95.7%

88.1%
88.7%

Living with families, %
Relatives contacts, %
Friends contacts, %
BMI, kg/m2, mean ± SD
SBP, mmHg, mean ± SD
DBP, mmHg, mean ± SD
TG, mmol/L
TC, mmol/L, mean ± SD
FBG, nmol/L,
mean ± SD
ALB, g/L, mean ± SD
Hb, g/L, mean ± SD
Estimated GFR, ml/min
per 1.73m2, mean ± SD
Current smoker, %
Current alcohol drinker, %
Current tea drinker, %
Frequent milk drinking, %
Frequent fish intake, %
Frequent fruit intake, %
ADL impairments, %

85.7%
43.7%
33.7%
18.3 ± 3.2
152.1 ± 24.7
75.5 ± 13.2
1.17 ± 0.67
4.66 ± 1.04
4.87 ± 1.88

84.8%
39.9%
32.0%
17.8 ± 3.3
152.9 ± 25.5
75.2 ± 13.7
1.18 ± 0.83
4.58 ± 1.05
5.00 ± 1.77

86.2%
51.8%
37.3%
18.5 ± 3.1
151.7 ± 24.4
75.7 ± 12.9
1.16 ± 0.58
4.70 ± 1.04
4.81 ± 1.92

<
0.001
<
0.001
0.802
<
0.001
0.432
<
0.001
0.618
0.001
0.121
0.004
0.504
0.538
0.615
0.105
0.131

38.4 ± 4.1
113.2 ± 16.8
75.8 ± 28.5

37.8 ± 4.2
110.5 ± 17.3
77.1 ± 29.2

38.7 ± 4.0
114.4 ± 16.3
75.2 ± 28.2

0.002
0.001
0.358

3.5%
10.6%

3.3%
8.6%

3.6%
11.6%

0.488
0.096

12.1%
26.3%

11.2%
29.0%

12.6%
25.0%

0.318
0.205

63.5%
58.9%
56.4%

62.4%
61.7%
72.3%

64.1%
57.6%
48.8%

Outdoor activities
> 1 h/d, %
Visual impairments, %
Auditory impairments,
%

59.6%

52.5%

63.0%

0.664
0.256
<
0.001
0.001

28.0%
31.2%

28.4%
30.4%

27.8%
31.6%

0.454
0.386

Abbreviation: SD standard deviation, BMI body mass index, SBP systolic blood pressure, DBPdiastolic blood pressure, TG triglyceride, TC total cholesterol, FBG fasting
blood glucose, ALBalbumin, Hb hemoglobin, GFR estimated glomerular filtration rate,
ADL activity of daily living
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The mean ± SD of GDS-15 scores was 5.3 ± 3.2, and the overall
prevalence rate of the depressive symptoms among the longevous
persons was 32.2% (95% CI, 29.7–34.7%). The mean ± SD of serum
25(OH)D levels was 22.7 ± 9.5 ng/mL, and 39.8% of the participants
were vitamin D deficient (< 20 ng/mL). Females (35.6% vs. 17.7%),
and those with vitamin D deficiency (38.8% vs. 27.9%) were more
likely to have depressive symptoms than males and those without vitamin D deficiency (p < 0.001 for all, Figure 1).

Figure 1: Percentages of participants with depressive symptoms by gender and vitamin D status. Differences in proportions were tested using Chi-square test. Overall
prevalence of depressive symptoms was 32.2% (95% confidence interval, 29.1–35.1%).
Females had higher prevalence of depressive symptoms than males (35.6% vs. 17.7%,
P < 0.001). Participants with vitamin D deficiency had higher prevalence of depressive
symptoms than those without (38.8% vs. 27.9%, P < 0.001).

Table 1 compares the characteristics of participants with and
without depression. In addition to sex, participants who had a depression were more likely to be illiterate and were less likely to have
relatives contacts (Ps < 0.001). No statistically significant differences
were found in lifestyle variables. The prevalence of ADL impairments
was higher in participants who had a depression than those who did
not (P < 0.001). Participants without depression were more likely to
participate in regular outdoor activities (P = 0.001). Serum concentrations of 25(OH)D, albumin, hemoglobin and BMI were significantly
lower in participants with depression than those without (Ps < 0.01).
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Table 2 shows the results from the multivariate logistic regression
analyses. Participants who were deficient in vitamin D, female, illiterate, not living with families, had no relative contacts, or had ADL impairments tended to have higher odds of depression (Ps < 0.05). The
adjusted OR between vitamin D deficiency and depressive symptoms
after adjusting for other covariates was 1.47 (1.08–2.00; P = 0.014).
Table 2: Significant associates for depressive symptoms by multivariate logistic regression.
Characteristics
Vitamin D deficiency
Age
Females
Han ethnic
Illiterate
Living with families
Relatives contacts
Friends contacts
BMI
SBP
DBP
TG
TC
FBG
ALB
Hb
eGFR
Current smoker
Current alcohol drinker
Current tea drinker
Frequent milk drinking
Frequent fish intake
Frequent fruit intake
ADL impairments
Outdoor activities > 1 h/d
Visual impairments
Auditory impairments

β
0.386
0.020
0.600
−0.156
0.927
−0.541
−0.501
−0.189
0.028
−0.004
0.003
−0.163
0.123
−0.040
0.006
0.009
−0.001
−0.468
0.239
−0.127
−0.124
0.002
0.049
0.944
−0.011
0.170
0.032

OR
1.47
1.02
1.82
0.86
2.53
0.58
0.61
0.83
1.03
1.00
1.00
0.85
1.13
0.96
1.01
1.01
1.00
0.63
1.27
0.88
0.88
1.00
0.95
2.57
0.99
1.19
1.03

95% CI
1.08–2.00
0.97–1.08
1.10–3.03
0.53–1.39
1.26–5.05
0.38–0.90
0.45–0.82
0.60–1.15
0.98–1.08
0.99–1.00
0.99–1.02
0.67–1.07
0.96–1.33
0.89–1.04
0.96–1.05
1.00–1.02
0.99–1.00
0.26–1.52
0.72–2.23
0.54–1.44
0.62–1.25
0.73–1.38
0.69–1.32
1.81–3.65
0.71–1.37
0.81–1.73
0.72–1.49

P
0.014
0.470
0.021
0.529
0.009
0.015
0.001
0.255
0.251
0.266
0.652
0.165
0.146
0.320
0.785
0.100
0.708
0.300
0.407
0.615
0.487
0.991
0.767
< 0.001
0.948
0.376
0.864

Abbreviation: β logistic regression coefficient, OR odds ratio, 95% CI 95% confidence
interval, BMIbody mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TG triglyceride, TC total cholesterol, FBG fasting blood glucose, ALB albumin,
Hb hemoglobin, eGFR estimated glomerular filtration rate, ADL activity of daily living
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To further investigate the correlation between vitamin D levels and depressive symptoms in longevous persons, the participants
were categorized into four groups according to the quartiles of serum
25(OH)D concentrations. As Table 3shows, a negative correlation
between serum 25(OH)D and depressive symptoms was observed.
After adjusting for confounding variables, this negative relationship
remained statistically significant. The multivariable adjusted odds
ratio of depressive symptoms for the lowest versus highest quartiles
of vitamin D levels was 1.73 (95% CI, 1.10–2.72). When comparing
the 2nd and 3rd quartiles with the highest quartile, the odds ratio of
depressive symptoms were 1.61 (1.04–2.50) and 1.09 (0.69–1.71), respectively (P for trend = 0.003). In addition, the multivariable adjusted OR between depressive symptoms and one 5-ng/mL decrement of
serum 25OHD level was 1.10 (1.01–1.19, P < 0.001).
Table 3: Odds ratios of depressive symptoms according to the quartile of serum vitamin
D levels.
Variable

Quartile
1, n = 235

Quartile
2, n = 231

Serum vitamin

12.0 (3.9–

19.2 (16.4– 24.4 (21.6– 35.1 (28.1–

D, ng/mL, mean
(range)
Depression,
% (n)
Unadjusted OR
(95% CI)
Adjusted

16.3)

21.5)

28.0)

65.1)

41.3% (97)

38.5% (89)

26.7% (63)

22.7% (54)

OR (95% CI)

2.72)

a

Quartile
3, n = 236

Quartile
4, n = 238

2.48 (1.67– 2.02 (1.35– 1.24 (0.82– 1.00
3.70)
3.03)
1.89)
1.73 (1.10– 1.61 (1.04– 1.09 (0.69– 1.00
***

*

P for
Linear
Trend

5-ng/mL
Decrement of
Plasma Vitamin D

< 0.001

1.20 (1.10–
1.29)
1.10 (1.01–

**

2.50)

*

1.71)

***

0.003

1.19)

*

Abbreviation: SD, standard deviation; OR, odds ratio; 95% CI, 95% confidence interval
a
Adjusted for age, sex, ethnicity, education, living conditions, social interactions, BMI,
SBP, DBP, TG, TC, FBG, ALB, Hb, eGFR, lifestyle variables, ADL impairments, outdoor
activities, visual impairments, and auditory impairments
P < 0.05*, 0.01**, 0.001***

Discussion
In the current study, we investigated the association between vitamin D status and depressive symptoms in a population-based sam-
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ple of Chinese longevous persons in Hainan Province. Low vitamin
D levels were associated with a decreased prevalence of depressive
symptoms, and this association remained unchanged after adjusting
for demographic and other potential confounders. Based on this Chinese study with relatively large sample size, we added to the evidence
of the association between vitamin D status and depression among
long-lived persons.
Both vitamin D deficiency and depressive symptoms are common conditions in elder population [33]. Previous studies have provided evidence that vitamin D had neuroprotective roles and was
beneficial to reduce the risks of mental disorders, such as depressive symptoms [12,17,19]. In this study, lower vitamin D levels were
found to be associated with greater adjusted odds (odds ratio = 1.75)
of depressive symptoms. This result is in accordance with previous
studies. Chan revealed that serum 25(OH)D was inversely associated
with depression in older men in Hong Kong, China [34]. Jaaskelainen
reported that higher serum 25(OH)D concentrations were related
to a reduced risk of depression in a representative sample of Finnish population aged from 30 to 70 [17]. Milaneschi has reported that
older adults who had lower 25(OH)D levels had significantly higher
risk of developing depressive mood over the 6 years follow-up (hazard
ratio: 2.0) [33].
The mechanism through which vitamin D plays a beneficial role
in mental health has not been clearly understood. The bioactive form
of vitamin D, calcitriol, regulates calcium concentrations of neurons
by intra- and extracellular atmosphere, consequently reducing toxicity caused by excessive calcium [15,35]. Calcitriol also up-regulates
glutathione metabolism in neurons, thus promoting antioxidants activities that protect them from the processes of oxidative degeneration
[36]. In addition, vitamin D promotes the expression of nerve growth
factor and stimulates neurogenesis [35]. Other studies have revealed
that Vitamin D had a role in amyloid beta clearance [15]. Moreover,
it has been reported that vitamin D regulates gene expression of ty-
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rosine hydroxylase, an essential enzyme involved in the synthesis of
norepinephrine and dopamine [37]. Norepinephrine and dopamine
are two neurotransmitters involved in mood regulation and depressive symptoms.
Vitamin D deficiency is highly prevalent in very old population worldwide [4]. Numerous cost-effective intervention strategies
including vitamin D supplement, fortified food intake, sunlight exposure have been identified as efficient ways in correcting vitamin D
deficiency [30,38]. Prevention of vitamin D deficiency may become a
future strategy to prevent the development of depressive symptoms
[39]. In addition, normalization of vitamin D levels may become a
part of depression treatment in the very old [33]. These hypotheses
should be further tested in appropriately designed, randomized, controlled trials.
While highlighting the strengths of the present study, there
are some limitations should be acknowledged. First, this study was
cross-sectional designed, and thus causality could not be inferred.
A longitudinal study on vitamin D and depressive symptoms would
further illuminate the clinical significance and predictive validity of
depression in the Chinese oldest-old. Second, the depressive symptoms were evaluated by the GDS-15, and the diagnoses of depression
were not confirmed by clinical psychiatrists. However, the GDS-15
is a commonly used scale to measure late life depression, and it has
been verified as a stable assessment of depressive symptoms in old
persons [40]. Third, age exaggeration may exist among this population [26,41]. As the current household registration system did not exist in China a hundred years ago, the age of the longevous persons was
mainly self-reported and could not be well-validated because of lack
of solid evidence. Further studies were clearly warranted to address
the issues on age validation among this exceptional people in Hainan
Province, China.
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Conclusions
In summary, this study found an inverse association between vitamin D levels and depressive symptoms in a population-based sample of Chinese longevous individuals in Hainan Province, China. The
findings indicate that very old individuals with low vitamin D levels
could be an important target for detection of depressive symptoms.
Whether interventions of vitamin D deficiency are ideal strategies or
not in preventing the development of depression or treatment of the
depressive symptoms in the very old population should be validated
in appropriately designed, randomized, and controlled trials.
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